This paper estimates two sources of benefits related to sanitation infrastructure access: a direct benefit households receive when they have access to sanitation infrastructure, and an external benefit produced by the neighborhood's access to sanitation infrastructure. Using a sample of children under age four from rural areas of India in the Third Round of District Level Household Survey 2007-08, the study demonstrates evidence of positive direct benefits and a concave positive externality for improved sanitation and fixed-point defecation. The paper finds that a child who moves from a household without improved sanitation and a low ratio of village access to a household with improved sanitation and a high ratio of village access enjoys a reduction in diarrhea prevalence of 47 percent. From this, one-fourth of this benefit is due to the direct benefit, leaving the rest to external gains. These results hold under several robustness checks.
INTRODUCTION
This paper investigates the existence and size of benefits from access to sanitation on child health outcomes in rural India. We emphasize in particular two sources of benefit. The first is a direct benefit, which is privately enjoyed by a household whose members stop defecating in the open, and move to either fixed-point defecation or an improved sanitation facility. (In this paper we refer to 'fixed-point defecation' as defecation into a pit or other containment structure, regardless of the quality of the structure or whether it is hygienically maintained (i.e., includes access to both improved and unimproved facilities). The WHO-
UNICEF Joint Monitoring Program for Water Supply and
Sanitation defines 'improved sanitation' as 'access to a sanitation facility that hygienically separates human excreta from human contact'. Open defecation is defined as, 'not having access to any type of toilet' and implies 'going in the field'. The second benefit is an external one, also called externality, generated by a neighbor's access to sanitation that results in a lower probability of human contact with human excreta. In this paper we seek to answer two questions: (i) There is growing literature on the benefits perceived by members of a household with access to improved sanitation.
There is strong evidence from observational, quasi-experimental, and small-scale intervention studies that the individual benefit to having improved sanitation is potentially very large. Evidence from experimental evidence (Patil et al. ) and reduced form estimations (Headey ; Duflo et al. ; Geruso & Spears ) indicates positive difference. But how much of this benefit is actually driven through a community benefit, or externality to private sanitation, is less well understood. Hence, there is a need to empirically quantify the benefits, and the sources of the benefits in particular, of sanitation infrastructure, as well as the sources of these benefits to develop more efficient and greater policies and with higher impact.
We estimate a model for the individual production function of health for children in rural India assuming a linear-in- Our principal empirical findings are as follows:
1. In a sample where the average prevalence of diarrhea among children under 48 months is 12.1%, we find a reduction of 10% (or 1.26 percentage points (pp) in probability) of diarrhea explained by gaining access to improved sanitation.
We also estimate a reduction in probability of diarrhea on the last 2 weeks of 5% (or 0.63 pp) when moving from open defecation to fixed-point defecation.
2. We find evidence that supports a concave relationship between sanitation coverage at village level and diarrhea prevalence, whereby the positive externalities are only enjoyed after a certain level of sanitation coverage has been achieved. The potential benefits are greater at higher levels of coverage due to the reduction in the probability of contact with human excreta. The estimates indicate that there is no improvement at all until the 30% coverage is achieved and that half of the potential total gains are only reached when coverage is approximately 75%.
3. In terms of the magnitude of the effect from both sources of benefit, direct and external ones, we estimate that a child who moves from a household without improved sanitation and a low ratio of village access to a household with improved sanitation and a high ratio of village access enjoys a reduction in diarrhea prevalence of 47% (from 12.54% to 6.79%). For the case of fixedpoint defecation, the overall effect is a reduction of 26% (from 12.49% to 9.25%).
4. We find the external benefit is largely responsible for the health improvements when we separate the contribution of the direct and external benefit in overall reductions of diarrhea prevalence. While for improved sanitation the direct benefits account for 23%, for fixed-point defecation the direct benefits accounts for just 19% of the overall gains.
5. We find no significant difference (but negative effect) in for Water Supply and Sanitation.
We subject the results from our parametric model to several robustness checks to test whether characteristics besides access to sanitation, and which vary systematically between households, could be driving our results leading some households to invest in sanitation at higher rates while simultaneously taking precautions to lower diarrhea risk in children. We find that our results hold under each of these alternative econometric specifications.
Specifically, we use quasi-experimental propensity score matching to first compare children living in low-ratio of access villages with children living in high-ratio of access villages, and second to compare children with and without access to sanitation at different ratios of village access. In a third test, we estimate our baseline parametric model using an outcome, prevalence of cough, which we hypothesize could be influenced by unobserved characteristics such as income, healthier parenting behavior, or risk tolerance in a similar way as diarrhea. To further test whether an unobservable factor such as income could be driving our results, we substitute access to electricity, an alternative household infrastructure asset, for sanitation. Finally, we estimate a full counterfactual model, which compares children with and without access to sanitation in villages with no coverage to children living in households with and without access in villages at 10% increments of rate of access to sanitation.
The remaining sections of this paper are organized as follows: first, the paper presents the motivation for trying to understand the source of benefits of sanitation, which will then be complemented with a review of the literature on household sanitation and its relation to children's health and welfare. Next, a theoretical model to understand the direct and external benefits of sanitation will be described, followed by the empirical implementation and the description of the data used for this paper. Finally, the empirical results of the paper will be presented, including several econometric specifications used to test the robustness of the results. The paper ends with a discussion of the implications of these results for sanitation policy.
MOTIVATION
One of the principal motivations underlying this paper is the fact that the Millenium Development Goal (MDG) target to halve the proportion of the population that lacked access to basic sanitation was not met in 2015. Globally, there are still 2.4 billion people without access to sanitation and India alone is home to over 30% of this population. There is little debate that safe sanitation improves health. However, despite a theoretical model that demonstrates that at least a proportion of these health improvements stems from community benefits to improved sanitation, household sanitation is still often perceived as only a private good.
The consequence of this is that many governments have adopted policies that shift the burden of investment to households. The resulting underinvestment by households suggests they either have credit or other financial constraints that prevent investment in improved sanitation or they underestimate the private benefit to sanitation. (We do not dismiss that it could be problems from the supply side which does not meet the needs of consumers.)
The second motivation for studying the benefits of house- with the online version of this paper), the site of this study.
'Elimination of open defecation' is now a post-2015 Sustainable Development Goal, even when there is little evidence which shows that a community that has achieved 100% ODF is better off from a health perspective. Surprisingly, there is still no quantitative evidence that the only way to enjoy full health benefits from improved sanitation is having full coverage at the community level. Therefore, quantification of the relationship between access to sanitation both at the household and community levels, and the role of externalities as a channel for benefits can inform a debate around whether public investment or subsidies are justified for what is normally perceived as a private good. If externalities are an important channel through which households benefit, then private markets alone will fail to produce the optimal social equilibrium that maximizes the return of sanitation investments in society.
LITERATURE REVIEW
It is estimated that the risk of fecal-oral diseases resulting from poor water, sanitation and hygiene (WSH) contributes estimates the impact of sanitation on diarrheal disease to be 32% (Fewtrell et al. ) , but this estimate is based on just two studies.
More recently, communities which were randomly assigned to receive a community-led total sanitation and sanitation marketing intervention reported reductions in 2-day prevalence of diarrhea in children under five of 45% (Cameron & Shah ) . It is critically recognized that the consequences of poor sanitation extend beyond the burden of diarrhea. Exposure to fecal contamination in the environment and chronic diarrhea decreases the ability to absorb essential nutrients, leading to malnutrition (Checkley et al. ) . This effect also goes the other way, with poor nutritional status associated with increased risk of diarrhea (see for example, Chen et al. ) . Poor sanitation is increasingly recognized as a distal cause of underweight and stunting in children (Humphrey ) . Malnourishment during childhood is associated with severe long-term consequences.
These long-term consequences include poor cognitive development, lower school attendance, reduced human capital attainment, and potentially, a higher risk of chronic disease in adulthood (Victora et al. ) .
There is strong evidence that the individual benefit to having improved sanitation is potentially very large, but to what extreme is this benefit actually driven through a community benefit, or externality to private sanitation, is less 
MODEL
In this paper we seek to answer two questions: (i) what are the private benefits of a household's access to sanitation infrastructure on early childhood health outcomes? and
(ii) what are the benefits produced through an external effect, or externalities, of a neighbor's access to this sanitation infrastructure? For this we start from the following health production function presented in Equation (1):
The health production function of the child y ijk depends on the sanitation investments s ijk of the household, an environmental factor or externality e produced as byproduct of sanitation investments on other households, and a vector of characteristics of the child and the parents. In this paper we understand the sanitation externality e(s Àijk ) as the one indicated by Gersovitz & Hammer () : where an infectious person, due to his own decision, infects other persons (pure infection externality); or the preventive action of investing in sanitation infrastructure reduces the probability of someone else being infected unconditional of their decisions of investment in sanitation infrastructure (pure prevention externality).
From Equation (1), the parameters of interest to answer the previously proposed questions, are:
1. the difference between children with access to certain sanitation infrastructure
2. the size and rate of changes in levels of externality
Empirical implementation
We test the hypothesis presented in Equations (2) We define a child's access to sanitation S v jk as a dichotomous variable in Equation (5) The distribution of the ratio in our sample is presented in Figure 2 .
In order to estimate the parameters of interest we use a parametric model assuming a linear-in-parameters approximation of Equation (1). We impose a quadratic linear relation between our measure of externality and our outcome of interest based on an exploratory data analysis using a local polynomial regression estimator (Nadaraya ; Watson ) between ratio of access to sanitation and our health outcome measure, diarrhea prevalence.
Then, we evidence a nonlinear relationship between the two variables (Figure 3(a) and 3(b) ). After which, we estimate the parametric model presented in Equation (7) with a probit model:
We assume different benefits from externalities to children that live in households with and without access to sanitation infrastructure. We include X ijk , a vector of controls including years of schooling, sex and caste of household head, age in months of the child, and gender of the child. Because we use a variable that is measured on a higher level than the dependent variable, we will estimate our model using clustered errors (for further discussion, see Moulton () and Bertrand et al. () ) at the village level to obtain robust errors that do not affect our inference.
Using this model to test the hypothesis presented in
Equations (2) and (3), our relevant parameters will be: the marginal effects on the probability of diarrhea of access to fixedpoint defecation (S 1 jk ) and of access to improved sanitation (S 2 jk ). The first order derivative of the ratio of access over the probability of diarrhea gives us the change in diarrhea benefit from externalities, and the second order derivative of the ratio of access over the probability of diarrhea gives us the rate of change of the benefit from externalities.
These parameters allow us to simulate the predicted probability of diarrhea for the different combinations of ratio of access and household access to sanitation technology.
DATA
We use a subsample of 209,762 children between 0 to 48 months of age that live in rural areas from the Third Round of the DLHS-3. The DLHS is a nationwide survey with district level representation of India's households, which collects information on family planning, maternal and child health, reproductive health of ever married women and adolescent girls, and utilization of maternal and child healthcare services.
As described previously, an important feature of this paper is the explicit identification of the external benefit of sanitation, or externality, as measured through the ratio of access to sanitation at the village level. In this paper, we exploit the sample design used in DLHS-3, where the primary sampling units (PSU) for the rural areas are villages (International Institute for Population Sciences ). A household census was conducted in each PSU, which gives us the actual rate of access to the different sanitation technologies at the village level. However, because PSU's for urban areas are not clearly delineated (that is, neighbors are not clearly defined), we restrict the sample to rural areas only. In our sample, the ratio of access to sanitation ranges from 0 to 100%. Our main health outcome measure is a binary variable (Equation (8)) that takes value 1 if a mother reports that her child 'has had diarrhea in the last two weeks', and 0 if otherwise.
D ijk
1 if has had diarrhea in the last two weeks 0 if has not had diarrhea on the last two weeks
When we analyze the differences between those who have access to improved sanitation and fixed-point defecation, the differences in diarrhea prevalence emerge. 
EMPIRICAL ESTIMATES
In this section, we discuss our empirical findings: first for direct benefits on childhood prevalence of diarrhea resulting from access to sanitation, and second the benefits resulting from externalities. Note: Children with missing values for the variables presented are excluded from the sample. The variables gender of the household head and gender of the child takes value 1 when it is a male and zero when it is female. greater benefit of 1.26 pp reduction in diarrhea prevalence.
Direct benefits
Given that diarrhea prevalence in the sample is 12.1%, this implies relative reductions of between 5.1% and 10.4%
for fixed-point defecation and improved sanitation, respectively. We should analyze these results carefully because access to fixed-point defecation and access to improved sanitation are not mutually exclusive: improved sanitation is a subset of fixed-point defecation.
Does the benefit from fixed-point defecation stem from the isolation of excreta itself (type of sanitation infrastructure), the ownership (sanitation facility is shared with other households or used only by household members) or a combination of these (improved sanitation)? To test the contribution of these factors for the direct benefits on diarrhea, we run our parametric model for the marginal effect on diarrhea prevalence of each ownership and Significance levels: *10%, **5%, and ***1%. Significance levels: *10%, **5%, and ***1%.
infrastructure type against open defecation. We use S Ã jk , defined in Equation (9), and control for household coverage of each type. The results are shown in Figure 5 .
0 if household j of village k does not have access to any facility 1 if household j of village k has access to shared unimproved sanitation 2 if household j of village k has access to private unimproved sanitation 3 if household j of village k has access to shared improved sanitation 4 if household j of village k has access to improved sanitation
The graph illustrates that there is no significant benefit 
Externalities
Taking into consideration the effect of externalities estimated through Equation (8), we find there is a positive and significant relationship between the level of access to sanitation in a village and the prevalence of diarrhea (Table A1 ). Moreover, we corroborate our hypothesis that this relation follows a concave function, where at low levels of village access there are limited positive externalities, but as access to sanitation increases, these externalities begin to accrue at a faster rate. Again, the findings are similar for fixed-point defecation and for improved
sanitation. An interesting finding is the difference between the children that already have access and the ones who do not. We observe that the change in diarrhea prevalence caused by the external effect is larger for children living in households without access, but the rate of change of this effect is larger on children living in households with access.
In Figure 6 (a) and 6(b) we illustrate the predicted probability of diarrhea in the past 2 weeks from Equations (13)- (17) conditional on a household's private access to sanitation and the ratio of access to sanitation at the village level, for both fixed-point defecation and improved sanitation, respectively. In both cases, we confirm our hypothesis that there is a negative relationship between the ratio of access and diarrhea, and more importantly, that the benefit from externalities to sanitation follows a concave function. The rationale behind these results is that a sufficient number of households must have access to improved sanitation in order to decontaminate the village to a level where everyone benefits. This convergence in probability shows that children living in households without access to sanitation enjoy nearly the same benefit from lower levels of open defecation as those who have sanitation facilities. Taking into consideration the fact that our estimates show a smaller direct impact of sanitation on child health than found in previous research, we conclude that direct benefits have previously been overestimated because they include a portion of the external benefit. In addition, by not accounting for externalities, previous research may have underestimated the overall benefit.
ROBUSTNESS CHECKS
In our analysis we control for a set of household and child characteristics that are correlated with our main outcome of diarrhea prevalence and the household's probability of having access to sanitation. However, we are unable to control for characteristics that are unobservable, like risk aversion, that vary systematically between households, leading some households to invest in sanitation at higher rates while simultaneously taking precautions to lower diarrhea risk in children. These unobserved characteristics could bias our results. To test the robustness of the results presented in the previous section, we run four separate checks: (i) difference in health outcomes between children in households at either extreme of the distribution of ratio of access; (ii) difference between households with and without access to sanitation at similar levels of village ratio of access; (iii) estimation of our model using a placebo treatment and outcome as falsification test; and finally (iv) a counterfactual model.
Testing effects at the extremes of ratio of access
The first exercise to check the robustness of our results tests whether differences besides access to sanitation, such as income levels, might explain the difference in health outcomes between children living in villages in which almost everyone openly defecates with children living in villages that are almost or completely ODF. If children across such villages are not comparable, then the difference in diarrhea that we observe would be biased and not sufficiently explained by access to sanitation. Assuming non-random selection in the level of access to sanitation at the village level, we estimate the treatment par-
(average treatment on the untreated, ATU) using a nearest neighbors matching estimator (Leuven & Sianesi ) between children who live in villages with a ratio of access lower than 10% and children who live in villages with a ratio of access higher than 90%, defined in Equation (10). Comparing the extremes of the distribution of access to sanitation we test the robustness of the slope on Figure 6 (a) and 6(b).
We match A second, more policy-oriented finding from this exercise is the difference in the effect we observe for those at the top of the distribution of access (ATT) and the effect for those at the bottom of the distribution (ATU). In a context of complete randomness of the treatment we could expect these treatment parameters would be the same, however we observe that the benefits are largely captured by those who are in a treated state. Nevertheless, there are still benefits to be captured by moving a child who lives in a village with very low access to one with high access.
This suggests that the ATE is driven both by the potential Figure 7 | Matching estimators between extremes of ratio of access. Note: The estimators presented are estimated using a nearest neighborhood matching estimator, with a set of 15 matches for each observation in the treatment group. The six estimators are significant at 95% of confidence. The propensity score distributions are presented in Figure A1 in Appendix C (available with the online version of this paper).
gains for those without access as well as the gains enjoyed by those who already have access.
Testing effects within ratio of access
At each ratio of access in a village we only observe health outcomes for households in the village with and without access to sanitation and cannot observe health outcomes for the same household residing in a village with a different ratio. To generate a counterfactual for the effect of household access to sanitation within a given ratio of access we implement a nearest neighborhood matching estimator between households at each village ratio of access (Equation 10, 80] .
The graph in Figure 8 demonstrates that holding the ratio of access constant, the within-direct benefit of moving from no sanitation to improved sanitation (or fixed-point sanitation) is similar to the direct benefit that is predicted in our parametric model and shown in Figure 6 
Falsification tests
The third potential problem we encounter stems from the fact that our measure of the external benefits to improved sanitation could be explained by some unobservable characteristic that is correlated with both access to sanitation and assets for a healthier environment or healthier parenting behavior. If this is the case, the difference in diarrhea prevalence estimated in our parametric model would be partially or fully explained by differences in this unobservable characteristic. To test the hypothesis that some other factor, such as income, attitude to health, tolerance of risk, etc. is driving our result we estimate a locally weighted polynomial regression over an outcome we hypothesize would be similarly affected by such a characteristic, but which is not correlated with access to sanitation. A plausible candidate is a non-hydric disease (a disease that is not transmitted by water), which is likely to be correlated with factors such as those mentioned but not with the access to sanitation. The outcome measure used was the prevalence of cough reported by the mother. Using a local polynomial regression, we estimate mean prevalence of cough at different village ratios of access, shown in Figure 9 (a) and 9(b). We observe that there is no relationship between ratio of access to fixed-point defecation or improved sanitation and the prevalence of cough.
A second robustness check to test if there is some unobservable factor, such as income, explaining the ratio of access to sanitation is to substitute the rate of access to an alternative household infrastructure asset. We use the ratio of access to electricity, which is measured as the proportion of households who report having electricity. If we look at Figure 10 , we can see that there is a flat relation when we estimate a local polynomial regression between the prevalence of diarrhea and the ratio of electricity.
When we estimate our parametric model but instead of controlling by the ratio of sanitation we incorporate the ratio of access to electricity at the village level (Figure 11 (a) and 11(b)), we can see that there is a flat relation between the ratio of access to electricity and the probability of diarrhea prevalence. 
Counterfactual model
Finally, we carry out a series of non-parametric estimations to replicate and test the robustness of the results in Figure 6 (a) and 6(b). We estimate a non-parametric matching estimator comparing children living in households with/without access to sanitation in villages with no coverage to children living in households with/without access in villages at different rates of access to sanitation.
We use as a baseline benchmark
where s ∈ {0, 1} and s ∈ [0:1, 0:9]. For each node, we estimate an ATE shown in Equation (12) through matching estimators:
We estimate each of these nodes (S 
CONCLUSIONS
This paper investigates the sources of health benefits to improved sanitation infrastructure access and elimination of open defecation. We hypothesize that there are two sources of benefit, a direct benefit on intra-household child health when moving from open defecation to accessing sanitation, and an externality benefit driven by the ratio of access to sanitation at the village level. We estimate our parametric model of the treatment effect of access to sanitation on child health outcomes to test for both the marginal effect on the probability of diarrhea of sanitation access (direct benefit), as well as the change and the rate of change in diarrhea resulting from externalities to sanitation access. Consistent with other studies on this topic, we find evidence of positive direct benefits for both access . These parameters were estimated using a nearest neighborhood propensity score matching estimator with 30 neighbors. The variables used to estimate the propensity score for the matching are sex of the household, if the household head is from a low caste, the age of the child, and the sex of the child.
to fixed-point defecation and improved sanitation. On average, if a child moves from a household practicing open defecation or using an unimproved sanitation facility to a household with improved sanitation, there is a direct benefit of 10% (1.26 pp) reduction in diarrhea prevalence. However, we find that the external benefit from community coverage is more than three times the individual benefit, that is, an additional 37% (4.5 pp) reduction in diarrhea prevalence. We carry out a series of systematic robustness checks to test whether characteristics besides access to sanitation could be driving these results and find that our results hold under each of these alternative econometric specifications.
The magnitude of direct benefits is smaller than shown in previous studies, but this is consistent with our hypothesis that positive externalities to improved sanitation access drive much of the benefit of sanitation. More importantly, we find that the benefits from externalities follow a concave function in that benefits begin to accrue as higher level of community coverage is met, and these benefits accrue at a faster rate as coverage increases. This suggests that the goal of ODF communities as proposed by the post-2015 SDG working group on sanitation goals is socially optimal. For the full benefit of sanitation infrastructure to be realized efforts should focus on achieving community-wide coverage of improved sanitation and elimination of open defecation.
These results make two important contributions to the economics literature on health outcomes in early childhood -as an indicator of long-term human capital attainmentand the public policies that address inequalities in these outcomes. The first is that the results of this study support the idea of household sanitation as a public good with public benefits, rather than a private good with only private benefits. The existence of externalities to sanitation suggests that households will underinvest in sanitation and that private markets alone will fail to produce optimal outcomes.
The second contribution is to demonstrate a potential role for public sector intervention, either by easing budget constraints or increasing access to information about the benefits of sanitation. Indeed, 77% of our sample of rural households lacks access to improved sanitation, suggesting that the potential health benefits from increasing access to sanitation are huge.
We can see from our sample that a great proportion of the rural population lives in villages with low sanitation coverage. However, our results show that most of the benefits from sanitation, especially their externalities, appear only at upper levels of coverage, giving us a feeling that the best is yet to come.
